A Simple Phase-Mixing Paradigm

(Carl Oberman reminded me of this
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perturbation: .
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At any fixed v, f oscillates in time with @ =k v, and no damping.
However, any v-integral of f will exponentially decay in time:
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Phase-mixing -> fluid moments of f decay in time
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Fluid closure approximations need o —kPvit? /2
to introduce damping at rate ~ |k, | v, 5”(2’ t) - asm(k”z)e




Phase-mixing -> very fine scales in velocity
easily wiped out by a small amount of collisions

At late times, &f = exp(- 1 k, v t) f,(v) Is very oscillatory in v

Collisions dominate at 82 f
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time 7~ (3/ VVt2 k||2)1/3 C(f)zVVt Wz—vvtkuztzf
Full resolution in velocity requires:
Av, /v, ~ (V/3k||Vt)1/3 Low collisionality dynamics can be
13 U simulated on an even coarser velocity
~(v./3)]"(a/R)"* ~0.08 grid using hypercollisions & hyperdiffusion,

(K, ~ L/(GR) ITER v. ~ 0.008 ) to damp small velocity and spatial scales



